Summary. A faint, regular giant halo has been discovered around the unusual planetary nebula He 2-111. The velocities and kinetic energy of the envelope are comparable with those of the Crab nebula, although there is no suggestion of non-thermal radiation in the planetary nebula. The coincidence between the position and the expansion age of He 2-111 and the probable supernova of AD 185 is noted. The dynamics of giant halos are briefly discussed.
Introduction
A small number of planetary nebulae have very faint outer envelopes, with radii more than about five times greater than the radius of the central body (Kaler 1974; Millikan 1974; Capriotti 1978 and references therein) . Apart from their morphology, most being roughly circular in the plane of the sky, and the density of a knot in N6C6543 (Czyzak, Aller & Kaler 1968) , very little is known about these giant halos and no satisfactory explanation of their origin exists.
The purpose of this note is to describe a newly discovered giant halo around the planetary nebula He This envelope has larger angular (and probably linear) dimensions than any previously known and is morphologically distinct. The most striking feature is, however, its velocity range of 400km/s. This is greater than observed in any other planetary nebula.
Description of the halo
The emission nebula He 2-111 appears to be an extreme case among those planetaries in which lines from highly ionized states such as He n co-exist with strong lines of low ionization states such as [N n], [S n], [01] and [N i] . Direct photographs in the red taken with the 3.9-m Anglo-Australian Telescope (AAT) show an intricate filamentary structure in the main body of the nebula, which is about 26xl0arcsec in size, confirming the indication of this published by Westerlund & Henize (1967) . A detailed collaborative study of the conditions in the nebula is in progress. On deep AAT red photographs the faint outer shell is visible round the nebula, stil characterized by the sharp structures of the inner region (Plate 1). The projected shape o] the shell is a fairly regular figure of eight, with dimensions of about 10.2 x 4.7 arcmin Positions A and B were scanned spectrophotometrically on the AAT, first with the Licl spectrograph plus Robinson-Wampler image-dissector scanner (IDS) and then with the RGC spectrograph plus Boksenberg image-photon-counting-system (IPCS). Parts of the lattei scans are shown in Fig. 1 . The spectrum of the envelope is like that of the central body ir character, with [Nn] lines strong than Ha and strong [Oui] . The most exciting resul concerns the radial velocities of these regions relative to the central body, which are listec in Table 1 . The nebula has a range in velocity of about 400 km/s between positions A and B neither of which is at the projected edge of the nebula. Fig. 1 also shows that the centra nebula does not contain high velocity gas ; the line widths are set by the instrumental résolu tion of about three channels (12 Â). Errors from internal scatter are ± 50 km/s.
The ratio of the envelope major to minor axis, 2.2, together with the large velocity difference, suggests a model for the shell which has cylindrical symmetry, with an axis of symmetry inclined to both the line of sight and the plane of the sky and gas flow outwards from the centre in the general direction of the major axis. The general structure of the shell suggests that the gas is distributed in sheets, and since region A is very sharp in one direction the major axis could be quite close to the plane of the sky and the true outward velocity considerably greater than 400 km/s.
The surface brightness and hydrogen line emission were estimated from the photographs and spectrophotometric scans. The Ha surface brightness at B is about 0.01 and the total emission of the envelope about 0.2 of those of the central body. Consideration of the surface brightness, the relative intensities of the [S n] lines and the ionization level suggest that the density in the envelope is less than in the centre and a tentative relative value of 0.1 is adopted. The ratio of the mass of the envelope to that of the main body can then be estimated from the relation: Mass « (Ha emission)/(electron density). The above values give a value for the ratio (mass envelope)/(mass central body) of 2, with a range of at least 1-10 from the uncertainty in density alone.
In order to know the absolute value of the mass it is necessary to know the distance to the object. Two methods which do not assume the mass a priori are available. Milne & Aller (1975) With a distance of 2.4kpc the major diameter of the nebula becomes 7.1 pc and if the interstellar density is about 0.1cm" 3 then the mass swept up by the shell is about 0.07 Af G .
If most of the gas in the outer envelope was swept up from the interstellar medium then the nebula is decelerating and the radius of the nebula R, the present expansion velocity u, and the age t, are related by 7? = 4vt (Oort 1946) . Applying this to position A gives an age of about 2700 sin/yr, where i is the inclination to the plane of the sky. If the gas is not decelerating the age is four times longer.
If we now compute the total kinetic energy contained in the outer envelope, using a mass between 0.1 and 1.0Af 0 and velocity between 200 and 500 km/s, we find that the energy is in the range 3 x 10 46 -10 49 erg. This can be compared with the kinetic energy of 2 x 10 45 erg in a typical planetary with a mass of 0.16 Af© and expansion velocity of 30 km/s. The Crab nebula has a kinetic energy of ~5 x 10 47 erg and the Type II supernova remnant Cas A of ~5 x 10 5O erg. The mechanical energy in the envelope of He2-111 is therefore at least an 48p B. L. Webster order of magnitude higher than in other planetaries and comparable with that in the Crab nebula.
3 The new star of AD 185
Before discussing the implications of the extraordinarily high kinetic energy in He 2-111 a very curious coincidence must be noted. The earliest recorded 'new star' event which is likely to have been a supernova is that of AD 185 described by the Chinese. Clark & Stephenson (1975 , 1977a have investigated the event exhaustively, both from the historical and from the astronomical point of view. They find that the most probable interpretation of the records is that the supernova was first seen from the Chinese capital of Lo-yang fairly precisely between a and ßCen on 185 AD December 7, and faded from view probably 20 (but possibly 8) months later. From a consideration of the present-day radio properties of the supernova remnants in the region they conclude that the most likely remnant of the event is RCW86 (G315.4 -2.3). The angular size and surface brightness of this object fit the age and distance of the event well. Clark & Stephenson do retain some reservations concerning the identification since the position is slightly away from the one they expect from the Chinese record. RCW86 would have risen only I o above the Lo-yang horizon; He 2-111
would have risen nearly 2° higher than this. Now the position of He 2-111 (projected back to AD 185 assuming no proper motion) is exactly between a and ß Cen. We have seen that the envelope was thrown off a few thousand years ago. Making the not unreasonable assumptions that the inclination of the major axis is about 40° and that interstellar gas is a major component of the outer shell, the age of the nebula can be reduced to the required 1800yr. It is therefore worth considering the possibility that the new star event of AD 185 was connected with the expulsion of the shell in He 2-111. If this is so then it is a rare or even unique event. Type 1 supernovae are expected about every 30 yr in our Galaxy, while new planetaries occur at a rate of about 3/yr. The only other planetary known to have a shell with sharp features like that in He 2-111 is NGC6543 and while the position of this is not incompatible with the historical event of AD 369 there is no other evidence to link the events.
Discussion
The properties of He 2-111 most relevant to its dynamics can be summarized as follows. There is a central body with a low expansion velocity like any other planetary. Morphologically the giant halo appears to be closely related to the central nebula since structures can be traced smoothly outwards. The expansion velocity of the halo is an order of magnitude higher, but since the radius is also very large it may be right to consider this as an extreme extension to the Bohuski & Smith (1974) relation between radius and expansion velocity. While Clark & Stephenson (1977b) have pointed out that a supernova remnant is not necessarily characterized by long-lived non-thermal radiation, He 2-111 is dissimilar to a supernova remnant in most respects.
On morphological grounds it may be argued that both the central body and the faint envelope of He 2-111 were thrown off in the same event. Either the initial velocities differed by an order of magnitude in this event or the outer regions have been accelerated since then. The latter possibility is an attractive one, since Ferch & Salpeter (1975) have computed the effects of radiation pressure on a dust-filled nebula and produced models which are in qualitative agreement with the observations. In particular the lower density material is more strongly accelerated than the higher density gas. In none of their models are velocities reached as high as those observed. If future calculations cannot reproduce the velocity data 49p Giant halo around a planetary nebula it may be necessary to return to the speculation that He 2-111 really was associated with the supernova-like event of AD 185. If the stellar remnant left by the initial shell ejection were to undergo some sort of outburst, the large release of energy as radiation or particles could modify the surrounding nebula to give the geometry and kinematics that are observed.
A lengthy study of the proper motions and radial velocities in the envelope to try to elucidate the mechanisms giving rise to the shell around He 2-111 has begun, but the fundamental observations on the energies involved are not expected to change significantly. These remain a challenge to those constructing dynamical models of planetary nebulae and their precursors.
